in this setting, where there is also a high prevalence of HIV infection [4, 5] .
The virus is highly transmissible, and 90%-95% of the population must be immune to interrupt transmission [6, 7] . Therefore, the rate of vaccination coverage (with 2 doses of vaccine) must be maintained at 190% [8] .
Given the characteristics of the disease, the lack of an animal reservoir, and the availability of valid diagnostic tests and of a safe, effective vaccine, experts considered measles to be potentially eradicable [9] . The European Region of the World Health Organization (WHO) designed a strategic plan to eliminate indigenous measles in the region by 2007, but in 2003, after analyzing the evolution of the disease and the difficulties in implementing national plans, the objective of elimination of endemic measles was postponed to 2010 [8] . The success in controlling the disease varies be- tween countries, and although most national vaccination schedules already include administration of 2 doses of vaccine, coverage rates are still suboptimal [10] . Large outbreaks of measles in Europe have occurred, with 11000 cases and some deaths in The Netherlands in 1999 [11] and in Germany [12] , in Ukraine [13] , and among Romanian gypsies [14] in 2006 .
In accordance with the recommendations of the European Region of the WHO, Spain launched a measles elimination program in 2001, and in 2004, the circulation of indigenous measles was interrupted [15] . However, until worldwide eradication is achieved, elimination of measles from a country or region is potentially reversible, because the virus can be reintroduced and cause epidemics that can substantially affect the indigenous population [16, 17] .
Catalonia, a region in northeastern Spain with ∼7 million inhabitants, 114% of whom are immigrants [18] , began requiring the administration of 1 dose of the measles, mumps, and rubella (MMR) vaccine at the age of 12 months in the routine vaccination schedule in 1980. In 1987, the timing of the administration of the first dose shifted to 15 months of age, and in 1988, a second dose of MMR vaccine was added to the schedule at 11 years of age, to replace the rubella vaccine administered to girls [19] . To ensure that the proportion of vaccinated children aged !10 years was 195% and to achieve elimination of the disease by the year 2000, children aged 4 years began to receive the second dose of vaccine starting in 1998 [20] .
During the period 2000-2005, the incidence of measles in Catalonia was very low, and outbreaks were either related to imported cases or affected families that had not received any dose of the vaccine for philosophical reasons. No transmission chains involved the indigenous population [21] . On 11 October 2006 (week 41), a case of measles in a girl (age, 14 months) born in Catalonia was reported to the Department of Health of Catalonia (Barcelona). Three related cases were detected among immigrants of Bosnian origin, 1 of whom had been in Italy during the incubation period. All of the patients resided in the Barcelona region. Given the successive transmission chains that were detected among children who had still not received the first dose of vaccine, in January 2007, mass vaccination of children aged 9-15 months in the Barcelona region was initiated. Mass vaccination was subsequently extended to the Tarragona region when cases appeared there. The objective of the present study was to analyze the epidemiological and clinical characteristics of the measles outbreak that began in Catalonia at the end of 2006.
MATERIALS AND METHODS
Data were collected from the register of clinically suspected cases of measles reported to the epidemiological surveillance units of the Department of Health of the Generalitat of Catalonia (Barcelona). The study period was from 28 August 2006 (the date of the onset of rash in the index case) to 8 July 2007 (2 maximum incubation periods [21 days] after the onset of rash in the last confirmed case on 7 June).
A suspected or clinically compatible case was defined as a case of measles that met the clinical case definition (maculopapular rash, fever [temperature, 138ЊC], and cough, conjunctivitis, and/or coryza). Laboratory-confirmed cases were defined as suspected cases in which a virological diagnosis was confirmed by presence of IgM and/or detection of measles virus genome in a urine specimen. Epidemiologically confirmed cases were defined as suspected cases that had been epidemiologically linked to a confirmed case. Cases in persons who had undergone recent vaccination (i.e., vaccination р45 days prior to the onset of rash) were considered to be confirmed cases on the basis of genotype D4-positive results of PCR of urine specimens or by epidemiological link to a confirmed case, if the urine specimen yielded negative PCR results or was not available. Discarded cases were defined as cases with no epidemiological link to a confirmed case and negative laboratory test results (i.e., negative serologic test results or negative results of both serologic tests and PCR) or as cases that did not meet the clinical definition [22] .
To avoid false-negative results, we used the following sample collection criteria: blood samples were obtained р72 h after the onset of rash [23] , and urine samples were collected within the first week after the onset of rash [24] . Measles-specific antibodies were determined in the microbiology laboratory of the Hospital Clinic of Barcelona with use of an EIA (Measles ELISA; Vircell). Urine samples were frozen at -40ЊC until shipment to the National Microbiology Center of the Carlos III Health Institute (Madrid) for testing by multiple-nested PCR, which was designed to detect measles, rubella, and parvovirus B19 viruses simultaneously. If the PCR yielded positive results for measles virus, confirmation was obtained with a second aliquot from the sample using a measles-specific nested PCR [25, 26] .
Vaccination status was determined either by checking vaccination cards and medical records or by determining serum IgG levels. If the vaccination status could not be verified, the person was considered to be unvaccinated.
The indigenous population was defined as all persons born in Catalonia, including those who were born to immigrant parents. To study possible contacts, people exposed to a suspected case during the infectious period (4 days before and 4 days after the appearance of rash) were studied, and susceptible persons were treated in accordance with established procedures [19] .
The incidence of measles was calculated using the estimated 2006 population of Catalonia in the affected regions. The 95% CIs were calculated assuming a Poisson distribution. The x 2 test and Fisher's exact test were used to determine whether the differences between proportions were statistically significant. The level of statistical significance was established at . a p .05
RESULTS
During the study period, 538 suspected cases of measles were reported in Catalonia. Three hundred eighty-one of the cases were confirmed, and 157 were eliminated; 6 of the cases eliminated from further study involved vaccine reactions. The highest incidence of cases occurred between the last week of December 2006 and the first week of February 2007, when a total of 203 confirmed cases occurred; the greatest number of cases ( ) occurred during the second week of January 2007. n p 49 Figure 1 shows the time distribution of confirmed cases.
The global incidence of the 2 affected regions, the Barcelona and Tarragona health regions (population, 5,684,454 inhabitants), was 6.5 per 100,000 inhabitants (95% CI, 5.9-7.2 per 100,000 inhabitants) The incidence, according to age group, ranged from 0.74 cases per 100,000 persons (95% CI, 0.5-1.1 cases per 100,000 persons) among persons aged 134 years to 278.2 cases per 100,000 persons (95% CI, 239.5-321.3 cases per 100,000 persons) among children aged р15 months (figure 2). Of the 381 cases, 355 (93.2%) occurred in the Barcelona health region (incidence, 6.9 cases per 100,000 inhabitants; 95% CI, 6.2-7.6 cases per 100,000 inhabitants), and 19 cases (5.0%) occurred in the Tarragona health region (incidence, 3.5 cases per 100,000 inhabitants; 95% CI, 1.95-5.4 cases per 100,000 inhabitants). Six cases occurred among residents of other health regions who had attended hospitals in the Barcelona health region, where they were contacts of cases; there were no resulting transmission chains of infection in their respective regions. Of the 381 confirmed cases, 342 (89.8%) occurred among indigenous subjects. A total of 340 (89.2%) of 381 cases occurred among nonvaccinated subjects, 187 (55.2%) of whom were mainly aged р15 months; 36 individuals (9.4%) had received 1 dose of MMR vaccine, and 5 (1.3%) had received 2 doses. The titers of measles-specific IgG antibodies were determined and/or urine PCR was performed for the 5 patients with confirmed (IgM-positive) cases who had received 2 doses of vaccine. In 2 cases, positive urine PCR results indicated infection; in the other cases, urine specimens were not available, and the analysis of IgG antibodies yielded inconclusive findings. Therefore, these cases were classified as confirmed cases, because they fulfilled clinical criteria and were set within the context of the outbreak.
A total of 51.5% of the cases occurred in men, and 48.5% occurred in women. No statistically significant differences were observed in the proportion of cases among vaccinated men (21 of 193 cases; 18 men had received 1 dose of vaccine, and 3 had received 2 doses) and of cases among vaccinated women (18 of 185 cases; 16 women had received 1 dose, and 2 had received 2 doses;
). P p . 5 The mean age of the 381 patients with confirmed cases was 15 months (range, 1 month to 50 years). The distribution, by age group, is shown in table 1. Of the patients aged р15 months, 52.2% were indigenous children, and 28% were immigrants ( ). P p .007 Of the adults, 11 were health care workers (age range, 19-37 years), none of whom had been vaccinated, with the exception of 1 
DISCUSSION
This outbreak of measles was the largest in Catalonia in the 20 years since the introduction of routine vaccination. The first cases were clearly imported but gave rise to various transmission chains in the indigenous population, changing the situation of measles elimination that had existed in Catalonia since 2000. In Catalonia, the great majority of immigrants come from underdeveloped countries with poor vaccination coverage. Although immigrants are offered the same health care services as the indigenous population, the rate of MMR vaccination coverage is only 93.3% among immigrants, compared with 98.9%
for the indigenous population [27] . This, together with the existence of susceptible individuals in some population groups and the enormous mobility of European residents, many of whom are immigrants, may explain why there are enough susceptible subjects to ensure the succession of various transmission chains [28] . Theoretically, the rejection of vaccination for philosophical reasons may also have contributed to this outbreak, but in our experience, outbreaks associated with this reason are self-limiting [29] , and this particular outbreak would not have occurred without the previously mentioned circumstances.
This outbreak shows that high national and regional vaccination coverage rates do not, in themselves, guarantee maintenance of elimination. Parker et al. [30] reported an outbreak of 43 cases in Indiana in 2005; the rate of vaccination coverage among the schoolchildren was 98%. Ehresmann et al. [31] described a similar phenomenon. In The Netherlands, where the national rate of coverage is 96%, an outbreak in 1999 caused almost 3000 cases among people who rejected vaccination for religious reasons [11] . In Spain, Castell et al. [32] reported an outbreak that affecting 1300 people in 1995; the rate of vaccine coverage was 95%. More recently, an outbreak of almost 200 cases occurred in Andalusia, Spain, where the vaccination coverage rate was 195% [16] .
The proportion of cases requiring hospitalization (15.8%) is situated between the 8.8% rate reported in the Indiana outbreak [30] and the 51% rate reported in the Ukraine outbreak [13] . Other studies have also reported differing figures [11, 32, 33] . Hospitalization of patients with measles probably has more to do with how cases are managed than with their severity; therefore, this may not be a good parameter for evaluating the magnitude and severity of an outbreak. In addition, there is a risk of nosocomial cases occurring both among patients visiting the hospital for other reasons and among health workers; this could increase disease transmission [16, 30, 34, 35] .
Although the rate of hospitalization was moderate in the outbreak we describe, exposure in a health care center affected 37 persons (10%). In addition to supporting the recommendation of vaccination of health care workers, this event suggests that hospitalization should be reserved for serious cases, and home care should be encouraged during outbreaks. Pneumonia, a classic complication of measles, occurred in 2.1% of patients-a percentage similar to or even greater than that reported in studies from Germany [12] but lower than rates reported in other studies [16, 30, 34] and evidently very different from the figure of 26.5% reported by Van den Hof et al. [36] from The Netherlands. The methodologies used to record complications during outbreaks are probably not homogenous and should accord international guidelines [22] , because this information is important in evaluating the magnitude of the problem.
The distribution of cases by age clearly shows that children who were younger than the age of administration of the first dose of vaccine (15 months) were the most affected, accounting for 50% of the cases. The incidence rate of 278.2 cases per 100,000 persons was greater than the incidence reported in an outbreak in Ireland (158 cases per 100,000 persons) [37] . In the outbreak in Andalusia, this age group accounted for 25% of cases, with an incidence rate of 552 cases per 100,000 persons [38] . The fact that only 11 cases were reported among immigrant children aged р15 months may be because these children are more likely to stay at home than to attend a day care center.
Only 25.6% of the cases occurred in adults. In a recent outbreak of 18 cases in Scandinavia, adults accounted for 72% of cases [39] , and in an outbreak of 59 cases in Madrid, adults accounted for almost 60% of cases. However, in large outbreaks, the proportion of cases among adults is normally much lower than that among children [16] . As Orenstein et al. [40] suggest, it is difficult to believe that adult patients can sustain a transmission chain in the general population. Likewise, several authors suggest that, if there are high coverage rates among schoolchildren, it is difficult for the outbreak to propagate in the community, even if there are susceptible adults [30, 31] . Therefore, we consider high rates of coverage with 2 vaccine doses for children to be essential, and the rates should be distributed homogeneously, avoiding pools of susceptible children. The important role played by children aged р15 months in the outbreak suggests that measles antibodies transferred passively by the mother were not sufficient to combat the circulation of the virus in as-yet-unvaccinated children. For this reason, in accordance with expert opinion [10, 41] , we suggest lowering the age at which the first dose of MMR vaccine is administered to 12 months.
In this outbreak, 87% of cases were laboratory confirmed, similar to the 96% rate for the outbreak in Andalusia [38, 42] and the 88% rate for the outbreak in Madrid [15] but much higher than the proportion found in other countries. In the United States, Parker et al. [30] found that 41% of cases were confirmed, and Ehresmann et al. [31] reported that 64% of cases were confirmed. The proportion of laboratory-confirmed cases was 32% in a study from Italy [43] , 33% in a study from Germany [12] , 20% in a study from Ireland [37] , and 18% in a study from The Netherlands [36] .
Although laboratory confirmation is not essential to confirm a case during an outbreak, it does reflect an improvement of disease surveillance that involves not only the laboratory and epidemiological surveillance units, but also attending physicians, and should thus be encouraged. In addition, if a large number of clinical samples are available for molecular epidemiological study, it can be determined whether all cases occurred as part of the same outbreak.
Finally, timely reporting of cases to avoid delays in investigating and managing the outbreak is essential. In this outbreak, the index case was not detected until 6 weeks after the onset of symptoms (29 August 2006) , and this, together with the interval between reporting of the first cases and the initiation of mass vaccination of all children aged 9-15 months in the region (second week of January 2007), contributed to a greater spread of the outbreak. Logically, the sooner mass vaccination is initiated, the sooner circulation of the virus can be interrupted. However, the problem lies in evaluating the capacity of diffusion during the initial phases of the outbreak. Therefore, we suggest that, in communities where the wild virus has not immunized women of childbearing age, as in Catalonia, the first dose of the vaccine should be administered routinely at 12 months of age. In addition, if there is evidence that transmission is occurring in children who are younger than this age, mass vaccination of children aged !12 months should be performed as soon as possible, although these children should still receive the first routine vaccine dose when they reach 12 months of age. 
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